The Balanopaceae, whose¯owers were poorly known, have, in the past, been variously allocated to the Fagales, Euphorbiaceae, Salicales or other hamamelids and rosids (these groups being in Fagales, Malpighiales and Saxifragales, according to the Angiosperm Phylogeny Group). This paper attempts a clari®cation based on¯ower morphology. Female¯owers and cupules were studied in Balanops vieillardii, young fruits in B. australiana. The cupules are simple involucres of bracts which are spirally arranged (according to a Fibonacci pattern) on the¯oral axis preceding the¯ower. They contrast with the complicated cupules of Fagaceae which consist of a condensed cymose rami®cation system of axes of several orders around the¯ower. Flowers appear later than most of the cupular bracts, in contrast to Fagaceae. In addition to a terminal¯ower there may be several smaller lateral¯owers in the axil of cupular bracts, each surrounded by its own small cupule. The female¯owers do not have a perianth. They consist of two to three large carpels. At anthesis, the ovary is completely septate; the syncarpous part (ovary and lower style) is completely symplicate. The carpels are free for most of their length, with the free parts once, twice or three times bifurcate, in contrast to simple in Fagales. The stigmatic surface covers the ventral side of each stigmatic branch and at the margins also spreads to the dorsal side. The stigma is wet and secretion appears holocrine. The two ovules per carpel are collateral and axile in early development. However, at anthesis they appear one above the other, because in one ovule the funicle greatly elongates. As the ovary elongates only above the placenta, the ovules appear basal at anthesis. The ovules are (weakly) crassinucellar, bitegmic (not unitegmic), anatropous, and intermediate between apotropous and epitropous (not apotropous). The ovules are mature at anthesis, in contrast to Fagales. In mature ovules the upper part of the nucellus disintegrates, and a weakly differentiated endothelium is present in the inner integument. The morphological results of this study support a position of Balanopaceae in Malpighiales, and not Fagales or other orders, and are thus in accordance with recent molecular results based on chloroplast rbcL sequences data. However, within Malpighiales, as opposed to molecular results, Balanopaceae agree more with Euphorbiaceae s.l. than with Dichapetalaceae/Trigoniaceae and Chrysobalanaceae/Euphroniaceae.
INTRODUCTION
Balanops, the only genus in the Balanopaceae, contains nine species in New Caledonia, Fiji and Northern Queensland (Carlquist, 1980) . Balanopaceae have a chequered systematic history. Balanops was ®rst described by Baillon (1871) , and a second genus, Trilocularia, by Schlechter (1906) . Trilocularia was later incoporated into Balanops (Hjelmqvist, 1948 (Hjelmqvist, , 1960 Smith, 1950) . The phylogenetic position was unclear for a long time, and the genus and family were moved back and forth among the vicinity of Fagales (Baillon, 1877; van Tieghem, 1906; Takhtajan, 1959 Takhtajan, , 1969 Cronquist, 1968 Cronquist, , 1981 Cronquist, , 1988 Dahlgren, 1975 Dahlgren, , 1980 , Euphorbiaceae (Bentham, 1880; Da Èniker, 1946) , Salicales (van Tieghem, 1884; Guillaumin, 1925) , Myricales±Leitneriales±Juglandales (Engler, 1897; Hjelmqvist, 1948) , very broadly circumscribed Hamamelidaceae (Hallier, 1908 (Hallier, , 1912 , Daphniphyllineae, i.e. with Daphniphyllaceae (Thorne, 1976 (Thorne, , 1992 (Thorne, , 2000 , close to Hamamelidales (Takhtajan, 1980) , and Hamamelididae± Daphniphyllanae (Takhtajan, 1997) , and several authors were undecided about the closest relatives (Baillon, 1871; Carlquist, 1980; Kubitzki, 1993) .
Phylogenetic studies based on rbcL place Balanops in Malpighiales (sensu APG, 1998) , as sister of a clade consisting of Chrysobalanaceae/Euphroniaceae and Dichapetalaceae/Trigoniaceae, the entire clade being supported with a bootstrap value of 79 % (Litt and Chase, 1998) or 68 %, respectively (Savolainen et al., 2000) . This position is nested among constituents of Euphorbiaceae in the classical sense (Chase et al., 2002 ; without indication of bootstrap support value for this clade). Thus, the opinion of Bentham (1880) is currently supported again.
One of the reasons for the uncertainty of the systematic position was that the¯owers are simple and had scarcely been studied. The plants are tall trees, which often grow on mountain ridges. They have unisexual¯owers, are windpollinated, and apparently have a very short and inconspicuous¯owering time so that the presence of¯owers is easily overlooked. The wood is tough, and branches are dif®cult to collect. All this may account for the scarcity of collections of¯owering material in herbaria. Even some of the species descriptions are based on fruiting herbarium material alone. Although Carlquist (1980) published photographs of fresh male in¯orescences of B. sparsifolia and B. pancheri, anatomical studies were, apparently, never carried out on freshly ®xed¯owers of either gender. Therefore, reports on¯oral structure in the literature are only super®cial and contain erroneous interpretations of structures. It should also be noted that the original line drawing of a longitudinal section of a female¯ower by Baillon (1877) ovary and ovules exaggerated. In addition, the septum was mistakenly omitted in Hutchinson (1926) , which may have caused misinterpretations of ovary and placenta structure by later authors. Here we present the ®rst detailed study on the female¯owers and cupules in representatives of the family Balanopaceae. For SEM studies the specimens were critical-point dried and sputter-coated with gold.
MATERIALS AND METHODS

Material of
RESULTS
Structure and development of the cupule
Each female¯ower is surrounded by a group of tightly arranged bracts, which form an involucre for the¯ower ( Fig. 1A and B ). This involucre is super®cially similar to an oak cupule and may have caused, at least partly, the systematic association of Balanopaceae with Fagaceae by some earlier authors ( Fig. 1C and D) . However, this involucre or cupule in Balanops has neither been analysed morphologically before nor compared with the cupule in Fagaceae. Each cupule has either a single terminal¯ower or, in addition, several lateral¯owers, which are each situated in the axil of a bract ( Fig. 1A and B) . Each lateral¯ower is surrounded by its own set of cupular bracts. In young cupules, all or most bracts seem to have an axillary bud, which may or may not produce a lateral¯ower ( Fig. 2A and  B) . The bracts that form the cupule arise acropetally. They are spirally arranged with a divergence angle of approx. 137°, i.e. in a normal Fibonacci pattern ( Figs 2C and 3) . The innermost organs are quite retarded and take the last available spaces around the seemingly somewhat precocious gynoecium ( Fig. 2A and B) . They may then deviate from a Fibonacci pattern and tend to form approximate whorls of three organs or have a somewhat irregular arrangement ( Fig. 2A and B) . In addition, the innermost organs lack axillary buds (or they may be so retarded that the axial buds are also retarded) (Fig. 2B ). Although thē ower seems perianthless, it is not completely impossible that the innermost retarded organs, which are devoid of an axillary bud may represent a reduced perianth. However, it would then seem unusual that the¯ower does not build up its own phyllotaxis but is so dependent on the position of the uppermost bracts. Lateral¯owers have fewer cupular bracts, all spirally arranged (also with a Fibonacci pattern), and are without axillary buds. In any case, compared with Fagaceae, the terminal¯ower is formed later than most of the bracts of the cupule. The number of cupular bracts may differ between species: Balanops vieillardii has 19±29 bracts, B. australiana 7±11; according to Smith (1942) B. pedicellata (as Trilocularia vitiensis) has only 6±8.
Thus, the cupule is a simple uniaxial structure (Fig. 4A ). At anthesis, the cupular bracts are thick. Their tissue is tanniferous, and they are densely covered with ligni®ed unicellular hairs on the dorsal side. The bracts tightly surround the female¯ower. Only shortly before anthesis, the stigmatic part of the gynoecium greatly elongates and is exposed above the cupule. In sharp contrast to the cupule, the tissues of the¯ower largely lack tanniferous cells. Each bract has a median and several lateral vascular bundles and three or more vascular traces in the base, some of the innermost ones may have only one trace (Fig. 3) . 
Structure and development of the female¯ower
The terminal female¯owers consist of two or three carpels and no other organs (see above). At anthesis, the main portion of anthetic¯owers (approx. 1´5 cm long) is taken up by the extensive stigmas, whereas the ovary is short and narrow (Figs 1A and B and 7A) . The stigmatic part of each carpel commonly consists of four (to eight) long and relatively broad, ribbon-like lobes, which arise by double (or triple) bifurcation of the free part of the carpel (Figs 2C and D, 3, 5A±D and 6) . The ventral side of the lobes is stigmatic. Because it is somewhat revolute, the stigmatic area is peripherally also exposed towards the dorsal side ( Fig. 5C and E). In addition, each lobe is somewhat twisted so that it gives the super®cial impression of a terete structure that is stigmatic everywhere (Fig. 5D ). The ventral surface of the carpels is completely expanded and does not form a ventral slit at the stigmatic level. Below the stigmatic area the carpels are congenitally united. The ®rst bifurcation is shortly above the transition from the syncarpous to the apocarpous zone, the second bifurcation is somewhat higher up (Figs 5A and C and 6A). Coming from above towards this transition zone, the carpels become close to each other, and a ventral slit is formed in each carpel ( Fig. 6B and Endress, 2002) . It results in a zig-zag-shaped common ventral slit for both carpels ( Fig. 6B and C) . Lower down, the common ventral slit becomes straight and more narrow as seen in the median plane of the gynoecium (Figs 6D and E and 7A) . The syncarpous part of the gynoecium is symplicate. A synascidiate base is not formed (Fig. 6D±L) . The ovary is completely bi-or trilocular. Each carpel has two ovules on an axile placenta at the base of the locule. The two ovules of a carpel are inserted at the same level on both sides of the carpel but are unequal in size and shape ( Fig. 6J and K) . One of them has a long funicle which brings this ovule in a position above the other (Fig. 7A) . In bicarpellate ovaries the longer and shorter ovules alternate with each other, thus ovules of the same kind appear diagonal to each other. The ovules are clearly bitegmic, although they were described as unitegmic (see Discussion) (Figs 7B±H and 8A, B, F and G) . In mature ovules the outer integument is ®ve to seven cell layers thick, the inner ®ve or six cell layers. The nucellus is relatively thin compared with the thickness of the integuments. However, there is more than one cell layer above the megaspore mother cells; thus, the ovules are (weakly) crassinucellar (Fig. 7I) . At maturity the embryo sac expands and the upper part of the nucellus disintegrates; a weakly differentiated endothelium is formed in the inner integument (Fig. 8G) . The two ovules of a carpel are curved away from each other. The micropyle faces the lateral region of the carpel. It is formed by both integuments. In the longer ovule, the micropyle is directed more or less to the side and forms a vertical (longitudinal) slit (Fig. 8C) . In contrast, in the shorter ovule the micropyle faces more downwards and forms a more or less horizontal (transverse) slit (Fig. 8E) . The micropyle of the shorter ovule is appressed to its funicle so that the micropyle is somewhat hidden and the outer integument forms an edge at the periphery of this appressed area. The ovules are asymmetrical and cannot be sectioned in a median longitudinal plane, because their anatropous curvature is combined with an upward bending at the placenta, which gives them a twisted appearance. Both integuments are lobed, especially prominent in the shorter ovule (Fig. 7C, G and H) . The path of pollen tubes has not been investigated, as male¯owers were not available. It may be expected that pollen tubes grow through the postgenitally fused common ventral slit of both carpels down to the placenta and from there upwards along the funicle towards the micropyle. In Balanops australiana the position of the ovules and the direction of the micropyles is the same as in B. vieillardii.
Each of the massive stigmatic lobes of a carpel contains several strong vascular bundles (Fig. 6A) . In the upper syncarpous part of the gynoecium the two bands of vascular bundles of the next higher bifurcation join to form a semicircular to almost circular complex of bundles (Fig. 6B±  F) . At mid-level of the ovary these two bundle complexes are rearranged into a large dorsal and two main lateral bundles for each carpel (Fig. 6G±J) . Between the dorsal and the lateral bundles, there are several smaller laterals, which irregularly connect the dorsal and main lateral bundles ( Fig. 6H and I) . Toward the base of the ovary, the lesser lateral bundles disappear (Fig. 6J±L) . The two ovules of each carpel are each served by a basal branch of the two main lateral bundles (Fig. 6K±N) . In the¯oral base the three main bundles of each carpel irregularly join the bundles of the adjacent bracts (Fig. 6N) . The ventral part of the stigmatic lobes has large cells and is strongly vacuolized. This increase in cellular size probably causes the revolute shape mentioned above. The stigmatic surface is secretory. At anthesis, stigmatic epidermal cells collapse and give the impression of holocrine secretion (for terminology, see Fahn, 1979) (Fig. 5F ). However, this has not been studied in detail. The dorsal epidermis has small cells and is tanniferous; however, there is a conspicuous contrast between the highly tanniferous bracts and the only peripherally tanniferous ower. The entire¯ower is glabrous. Lateral¯owers are retarded in development and reduced in morphology. The stigmatic branches are less bifurcate (only once or twice). The carpels often have only one ovule or none at all. These¯owers are probably sterile.
DISCUSSION
Structural aspects
The only published ®gures of female¯owers of Balanops are line drawings made from entire¯owers or handsectioned¯owers in Baillon (1877), Schlechter (1906) , Hjelmqvist (1948) and Carlquist (1989) . It is not clear from the literature whether the involucre or cupule of numerous imbricate scales that surrounds the gynoecium is made up of sepals (Baillon, 1871) or bracts (Engler, 1897; Schlechter, 1906; Guillaumin, 1925; Carlquist, 1980; Smith, 1981) or both. Baillon (1877) is undecided in this question. The suggested similarity of this assemblage of scales with a scaly cupule of, for example, Quercus (Fagaceae) seemed only super®cial to some authors (Engler, 1897; Hjelmqvist, 1948; Cronquist, 1981) , although a study of the cupule of Balanopaceae and, therefore, also a comparative study between the two families is lacking. This tentative interpretation of non-homology is supported by the present study. In Fagaceae and Nothofagaceae, the cupule consists of a robust circular rim or of several valves, associated with bracts, whereas in Balanops such a rim or valves are lacking. Still more importantly, from the point of view of comparative morphology, in Fagaceae and Nothofagaceae the cupule is formed by the peripheral parts of a compacted complex cymose sterile branching system (Fey and Endress, 1983; Rozefelds and Drinnan 2002) , whereas in Balanops, it consists simply of a number of spirally arranged bracts on the¯oral axis (this study) (Fig. 4A and B) . In male¯owers of Balanops a perianth was said to be absent by earlier authors (Baillon, 1871 (Baillon, , 1877 Guillaumin, 1925; Hjelmqvist, 1948) . Baillon (1872) and Bentham (1880) mention the presence of just one bract immediately below each malē ower (Bentham calls it a perianth); Hallier (1908: 243 ) also presumes it is a perianth, and Carlquist (1980) states that all male¯owers have a perianth. However, Carlquist does not specify number and position of these organs, and this is not clear from his photographs. It is unknown whether the small scales forming this perianth are homologous to the scales surrounding the female¯owers. Stamen number is indicated as 1±12 per¯ower (Smith, 1981) , and as greatly variable even within an in¯orescence (Carlquist, 1980) .
In general, the term cupule has been used for cup-like structures that surround¯owers and provide protection for oral buds and sometimes also for young fruits, but which are formed by non-¯oral organs. The homology was originally not assessed and thus they may represent quite different structures in different families for which the term has been applied (cf. also Podostemaceae; Ja Èger-Zu Èrn and Mathew, 2002) . In addition, the term has been used outside of the angiosperms for envelopes of ovules in basal spermatophytes (cf. e.g. Doyle, 1994) . Thus, an uncritical use of the term may lead to wrong conclusions if nonhomologous structures are compared. The present study clearly shows, as presumed by some earlier authors, that the cupules in Balanopaceae are not homologous with those in Fagaceae and Nothofagaceae (Fey and Endress, 1983; Rozefelds and Drinnan, 2002) . Thus, one of the most striking similarities between these families used for systematic conclusions in earlier works has now shown to have no basis. In addition, the presence of lateral¯owers below the terminal¯ower seems not to have been recorded before. Only Hjelmqvist (1948) mentions lateral buds, but not owers.
There has been confusion about ovary structure ever since the ®rst description of Balanops. According to Baillon (1871 Baillon ( , 1877 and Engler (1897) the ovary is incompletely septate in B. vieillardii. This view of incomplete septation has even been reinforced by the incorrect re-drawing of Baillon's (1877) ®gure in Hutchinson (1926) , in which the septum was completely omitted. Hutchinson's ®gure wrongly implies a free basal-central placenta. According to Carlquist (1980 Carlquist ( , 1989 the locules of Balanops in general are imperfectly septate at anthesis, but fully septate in fruit. However, Schlechter (1906) and Hjelmqvist (1948) mentioned that B. sparsifolia shows complete septation at anthesis. In the present study it is shown that the locule is completely septate at anthesis even in B. vieillardii. Septation is achieved by the complete closure of the ventral slits of the carpels in the centre of the ovary. Thus, at anthesis the placenta is axile, at the base of each locule. Simply to state that it is basal (or near basal) (Baillon, 1871 (Baillon, , 1877 ; and subsequent authors) is therefore not suf®cient.
Each carpel has two ovules, more or less superimposed, the lower one of them shorter than the upper one (Baillon, 1877; Hjelmqvist, 1948; Carlquist, 1980) . However, the attachment of both ovules is at the same level, thus they are collateral. Only one of the two ovules in each carpel commonly develops into a seed, and sometimes only one per fruit. In anthetic¯owers studied, the longer ovule of each locule tends to be somewhat more advanced than the shorter. This may indicate that the longer ovules tend to develop into seeds, while the shorter ones will abort. However, post-anthetic development was not studied.
The ovules have been described as apotropous (Hjelmqvist, 1948; Carlquist, 1980; Smith, 1981) , and sometimes the same has been expressed with other words: micropyle extrorsum infera' (Baillon, 1871) or`funiculus directed toward the septum' (Engler, 1897; van Tieghem, 1906) . Such an apotropous direction was also illustrated by Baillon (1877) . However, this illustration and the descriptions are not completely accurate. The micropyles of both ovules of a carpel are directed toward the side, away from each other, thus the ovules are intermediate between apotropous and epitropous. The terms apotropous and epitropous are more conveniently applied for carpels with a single ovule in median position; if more than one ovule is present, such as in Balanops, the direction is often intermediate (see also Endress, 1967 Endress, , 1994 Wagenitz, 1996) The early publications on Balanops, such as Baillon (1871 Baillon ( , 1872 Baillon ( , 1877 , Mueller (1877) , Bentham (1880) , Engler (1897) , Wettstein (1901) , Schlechter (1906) and van Tieghem (1906) , did not address the number of integuments. The ®rst mention of unitegmic ovules was found in Engler (1903) , followed by Hallier (1908: 89) , Wettstein (1924) , Guillaumin (1925) , Hjelmqvist, 1948) , Melchior (1964) , Dahlgren (1975) , Corner (1976) , Thorne (1977) , Carlquist (1980) , Cronquist (1981) , Mametyeva (1981) , Nemirovich-Danchenko (1991) and Takhtajan (1997) . But it seems that during the past 100 years nobody had really studied the ovules [there are only simple outline drawings from hand-dissected¯owers in Baillon (1877), Hjelmqvist, 1948) and Carlquist (1989) ]. Thus the presence of two integuments as reported here for the ®rst time, is a surprising result.
An obturator (i.e. a peg-like extension of the placenta towards the micropyle) as in Euphorbiaceae and other Malpighiales (Sutter and Endress, 1995) is lacking. Baillon (1871 Baillon ( , 1877 , and other authors quoting him (Guillaumin, 1925; Da Èniker, 1946) , mention a funicular obturator in Balanops. Baillon (1877: Fig. 211 ) also ®gures a thin transversal lid below the micropyle in both ovules. This structure was not found in the material described here. Moreover, in the longer ovule the micropyle is vertically and not horizontally directed. In the shorter ovule the micropyle is just appressed to the funicle. For pollen tube guidance and transmission, an obturator only makes sense if it connects the placenta with the micropyle, which is not the case in Baillon's ®gure. It is common for pollen tubes to grow along the funicle and, for this, an obturator is not necessary.
Systematic aspects
The following features of Balanopaceae support a position in Malpighiales and not Fagales. (a) Cupule organization is fundamentally different from that in Fagales and more in line with the simple involucre of bracts of some Euphorbiaceae with reduced¯owers. (b) A perianth is absent as in some Euphorbiaceae, but not in comparable Fagales (Fagaceae). (c) Stigmatic lobes are once or twice (or even more) bifurcate as in many Euphorbiaceae s.l. (e.g. Endress, 1994; Sutter and Endress, 1995) but unlike Fagaceae, which have simple stigmatic branches. (d) Ovules are always bitegmic in Malpighiales (cf. Endress, 2003) , whereas they are unitegmic in most families of Fagales (Nothofagaceae, Betulaceae, Juglandaceae, Myricaceae), although bitegmic in Fagaceae and Casuarinaceae, and unknown in Ticodendraceae; thus, with the new ®nding of two, and not one integument, Balanops is no longer a stranger in Malpighiales. (e) The inner integuments are thick (multilayered) as in some Malpighiales (Chrysobalanaceae, Tobe and Raven, 1984; Dichapetalaceae, Boesewinkel and Bouman, 1980; Erythroxylaceae, Boesewinkel and Geenen, 1980 ; many Euphorbiaceae s.l., Sutter and Endress, 1995; Linaceae, Boesewinkel, 1980; Rhizophoraceae, Dahlgren, 1988; Trigoniaceae, Boesewinkel, 1987) but less so in the bitegmic taxa of Fagales. (f) Ovules, although crassinucellar, have relatively thin nucelli; thus, they ®t better with the relatively thin nucelli (but crassinucellar ovules) of Euphorbiaceae (Sutter and Endress, 1995) or even tenuinucellar (or incompletely tenuinucellar) ovules of Chrysobalanaceae, Clusiaceae, Dichapetalaceae, Linaceae p.p., Ochnaceae and Trigoniaceae (cf. Endress, 2003) than with the thicker nucelli of Fagales [although in some Fagaceae the nucelli are also relatively thin (Hjelmqvist, 1953; Fey, 1981) ]. (g) In mature ovules the upper part of the nucellus disintegrates, and a weakly developed endothelium on the inner integument is present as in some Malpighiales (e.g. Chrysobalanaceae, Tobe and Raven, 1984; Erythroxylaceae, Boesewinkel and Geenen, 1980; Linaceae, Boesewinkel, 1980; Ochnaceae, Narayana, 1975 ; Putranjivaceae of Euphorbiaceae s.l., Thathachar, 1952; Tokuoka and Tobe, 1999; Rhizophoraceae, Dahlgren, 1988; Trigoniaceae, Boesewinkel, 1987) but not in Fagales. (h) Ovules are mature at anthesis, in contrast to Fagales, in which they are often retarded in development (Endress, 1977; Fey, 1981) .
Balanopaceae are unusual in the position of the ovules at anthesis, which differs from both Fagales and Malpighiales. Although they agree with both Nothofagaceae/Fagaceae and many Euphorbiaceae s.l. in that collateral ovule pairs begin development in axile position, intercalary elongation of the ovary is above the ovules in Balanopaceae but below in Nothofagaceae/Fagaceae and Euphorbiaceae s.l. (and other Malpighiales) so that the ovules are at the base of the locules in Balanopaceae and on top in Euphorbiaceae s.l. (Sutter and Endress, 1995) , Nothofagaceae (Langdon, 1947; Poole, 1952; Kummerow and Labarca, 1961; Fey, 1981) and Fagaceae (Endress, 1977; Fey, 1981) [except for some Quercus species in which they become secondarily`basal' during fruit development (Borgardt and Nixon, 2002) ]. The allegedly basal placenta in Chrysobalanaceae and some Ochnaceae among Malpighiales is not directly comparable with that in Balanopaceae, because in those families the ventral part of the locule is extremely shortened so that it becomes impossible to distinguish an apical from a basal position.
As mentioned in the Introduction, within the large order Malpighiales (sensu APG, 1998), Balanopaceae appear as sister to a moderately supported clade comprising Dichapetalaceae/Trigoniaceae and Chrysobalanaceae/ Euphroniaceae, based on rbcL analysis (Litt and Chase, 1998; Savolainen et al. 2000; Chase et al., 2002) . How do the¯owers of Balanopaceae compare with those in these four families? Their¯owers have a double perianth, are bisexual and largely monosymmetric, thus very different from Balanopaceae. However, within Malpighiales, Balanopaceae share unisexual¯owers, multiple bifurcate stylar branches and lack of a perianth with some Euphorbiaceae s.l. Also in ovule structure Balanopaceae are more like Euphorbiaceae s.l. than Dichapetalaceae/Trigoniaceae and Chrysobalanaceae/Euphroniaceae. Chrysobalanaceae (Tobe and Raven, 1984) , Dichapetalaceae (Boesewinkel and Bouman, 1980) and Trigoniaceae (Boesewinkel, 1987) , have incompletely tenuinucellar ovules; Euphroniaceae are unknown (review in Endress, 2003) . In contrast, in Balanops vieillardii, the ovules are (weakly) crassinucellar, although the nucellus is thin in comparison with the integuments. This is also the case in Euphorbiaceae s.l. (Euphorbiaceae, Phyllanthaceae and Picrodendraceae, and Putranjivaceae, according to Chase et al., 2002) , which have crassinucellar or weakly crassinucellar ovules (Kapil and Bhatnagar, 1994; Sutter and Endress, 1995; Tokuoka and Tobe, 1995 , 1998 , 2001 Carmichael and Selbo, 1999) . Crassinucellar ovules are also present in many other families of Malpighiales (Achariaceae, Bernhard, 1998; Erythroxylaceae, Boesewinkel and Geenen, 1980; Humiriaceae, Boesewinkel, 1985; Linaceae p.p., Boesewinkel, 1980; Malesherbiaceae, Ricardi, 1967; Malpighiaceae, Stenar, 1937; Medusagynaceae, Dickison, 1990 ; Passi¯oraceae, Kloos and Bouman, 1980; Rhizophoraceae, Dahlgren, 1988; Salicaceae, Narayanaswami and Sawhney, 1959; Turneraceae, Vijayaraghavan and Kaur, 1966; Violaceae, Singh, 1963) . Many of these families, although weakly to strongly supported as families by rbcL, are still unresolved in their interrelationships within Malpighiales (Chase et al., 2002) . Thus it remains open whether the¯oral morphological similarities between Balanopaceae and Euphorbiaceae s.l. re¯ect a cladistic relationship or are the result of parallel evolution.
